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As PAaAcT 
-urlaa the summer of 1984, the Arctic Oceanography Department of Lamont- 
rt. cealcgical Observatory acquired a total of 222 helicopter-based C/STD 
Tat. ods aethan the ice-covered region of the Fram Strait to a nominal depth 
2 cu om. This program was accomplished as part of an international experi- 


tne F/S Polurstern and the M/V Polarqueen. 

Tne USNS Lynch was also used to obtain 26 CTD stations from two separate 
legs into the Fram Strait. The first leg primarily consisted of an open water 
transect of the strait at a latitude of 79°N. Stations were typically taken 
to within LO m of the buttom and extended from the ice edge onto the shelf of 
Svalbard. The second leg was more acoustically oriented and confined to the 
southern region of the Yermak Plateau. During this leg, Ll stations to a 
nominal depth of 450 m were taken. 

Standard level Listings of temperature, potential temperature, salinity, 
sigma-t, specific volume anomalv, dynamic height, and sound velocity are given 
fur vach cast along with profiles of temperature, salinity and sigma-t. 

This technical report outlines the acquisition and basic reduction 


techniques of these data. 
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INTRODUCTION 


The Fram Strait, located between Greenland and Spitzbergen, is a region 


PO ah tee 


of intense interaction between the ice-covered, cooler and less saline waters 


4 


thit exit the Arctic Ocean as the southward flowing East Greenland Current and 


the inflowing warmer and more saline water from the Atlantic which moves 


| northward as the West Spitzbergen Current. 


The transitional region between the open ocean and the more stable inte- 


rior sea-ice can be Loosely defined as the marginal ice zone (MIZ), however, 


the interpretation of this definiton depends largely on the time and space 


scales over which specific processes occur. These processes can range from 


giobal climatic variations that operate over time and space scales from tens 


ne ee el 


tu thousands of years and millions of square kilometers, to more local 


dynamics of air-sea-ice interaction that last for a few days and are confined 


ew one 


to regions of less than a hundred square kilometers. Because of the large 


| reflective proprties of sea ice to incoming solar radiation, the marginal ice 


cones can play an important cole in local climate conditions, as well as cli- 


wes 


aatological patterns of the world (Barry, 1983). For example, over the course 


ot an average year, the difference between the minimum and maximum areal 


naan? 


estent of sea ice for both the Arctic and Antarctic is roughly 1O million 


ov 


square kilometers or 2% of the earth’s surface (Nazarov, 1963). 
q 


tions relating to the dominant or controlling forces that determine the posi- 


tion of the ice edge, asociated feedback mechanisms, and the importance of 


i Unfortunately, these regions still remain poorly understood, and ques- 
} 


mesoscale processes in the transfer of heat, salt, momentum, and biomass 


within the MIZ are only a few areas that need to be answered in these highly 


known as the Marginal Ice Zone Experiments (MIZEX) East and West, were initi- 


dynamic and specialized regions. As a result, two major scientific programs, 
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ated in the Arctic regions of the Fram Strait and the Bering Sea, 
respectivley. 

Mesoscale activity definitely plays an important role in the transfer of 
heat, salt, and momentum, across the frontal boundaries set up by these 
ditfering water masses. 

Smith et al. (1985) have recently indicated that these processes may also 
be important in biomass exchange across the front. Based on satellite imagery 
of the open ocean near ice edge zones, mesoscale activity has been shown to be 
ubiquitous(Vinje; 1977a, 1977b). Infortunately, these features have been 
rarely observed in close detail by hydrograhic surveys in the open ocean area 
of the Fram Strait, and even fewer observations are recorded beneath the ice- 
covered regions of the Arctic Ocean and MIZ. 

To help cary out these needed investigations over the open and ice- 
covered parts of the marginal ice zone, the Lamont group obtained C/STD data 
from the open water ship USNS Lynch, as well as from helicopters based on the 
Norwegian M/V Polarqueen and the West German icebreaker F/S Polarstern 
(Fie. 1b). In many cases these helicopter surveys were closely coordinated 
with upen water STD surveys. 

During the time period from mid-May to mid-July, the Lamont group 
acquired a total of 248 CTD stations within this region. Twenty-six of these 
wert open-water stations taken during two separate legs of the USNS Lynch 


which was equipped with a Neil Brown CTD system. The first leg was primarily 


used tor mooring deployments, recoveries, and oa CTD transect of the strait 
trom othe local icse-edge (- J® longitude) to the shelf of Svalbard along a 
constant latitude of 79°N. The ftirse 3 CTD stations were moucing-related and 


did not necessarily penetrate to the bottom, however, the remaining 12 tran- 


sect stations extended to within i0 m of the bottom. 
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the 222 helicopter-based C/STD stations (dots) 


Positions of 2 
in Fram Strait. Of these, several were taken on beard ship 
intercalibratien procedures. Positions of 26 


ws Dart oT 
Contours show bot- 


lench stations (squares) are also shown. 
tom topowra; av in kilometers. 
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The second leg of the USNS Lynch dealt primarily with acoustical oceano- 
zraphy, and as a result omly Ll CTD stations were taken. All of these were 
taken to a nominal depth of 450 m and were located over the southern part of 


the Yermak Plateau, 
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PHYSICAL OCEANOGRAPHY PROGRAM 
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As the second part of a multi-year experiment in the Marginal Ice Zone of 
: tne Fram Strait (MIZEX 84 East), seven ships (the USNS Lynch, M/V Polarqueen, 
I 4/5 Baxon Mosby, M/V Kvitbjorn, F/S Polarstern, F/S Valdivia, and the H/U 


verdrup!, along with eight cemote sensing aircraft, one meteorological air- 


. craft und four helicopters were used to begin a set of air, sea, and ice 


observations to better define the role of mesoscale dynamics in the MIZ 


‘Johannessen and Horn, 1984). 


In order to better define the upper layer hydrography of the interior 


=z ha ‘ ae +. eo", ’ , 


recsions of the pack ice where ship mobility became very difficult, as well as 
to support the continuation of open water ship-based CTD transect lines into 
the ice, high-resolution, internally recording, helicopter-based C/STD systems 
(model 302A) manufactured by Ocean Data Equipment were used extensively from 


the F/S Polarstern and M/V Polarqueen. Three of the helicopters used in the 


tisld were Bell 206B Jet Rangers, while the fourth (bsed on the ¥/s Polarstera 
vis an ASroSp6écial Twin Star. 

The underwater unit itself was small (1 m x 13 cm in diametec), lLigit- 
weight (20 xz), completely self-contained, ind possessed digital resolution of 
- wJu2 ms/em, 001°C, and .l db for conductivity, temperature, and pressure, 
: respectively. Tempersture, conductivity, and pressure data were serially 


stored in a one mesribit solid state memory using 2 constant sampling rite of 
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5 scans per second. After the completion of a given station, data was trans- 
ferred to cassette tapes via a battery operated reader/recorder unit. The 
cassette data were reviewed at the site to verify a good cast, as well as to 
check for specific horizons of temperature and salinity, before flying to the 
dext station. 

During a normal field day, 8 to 10 pre-selected Locations (comprising a 
survey) were occupied in the MIZ. Station depths were nominally set at 500 m. 
These stations took approximately 8 hours to complete, although such factors 
as inter-station distance, distance from the ship, depth of station, selected 
survey pattern, and ice conditions could alter this time by +3 hours. A C/STD 
station to 509 m depth normally took 40 minutes to complete, while transit 

ca helicopter to the next location (4-10 nautical miles (am)) was typi- 
cvily 1G minutes. Two of the major factors controlling flight operations in 
this area were weather conditions and radio communications. 

Station position was determined by three different methods: 1) radar 
transponder, 2) Omega/VLF, and 3) dead reckoning. In surveys where stations 
were close to the ship and accuracy was required, the helicopter was tracked 
on the ship's radar via a radar transponder mounted on the helicopter and 
tuned co the correct frequency. This method: was employed quite successfully 
tiring the first part of the experiment, At distances around 40 nam, relative 
vositions were good to £100 meters. At shorter distances, less than 10 nm, 
tae ties were good to +lU0's of meters. When fog was a problem transponders 
were also used in guiding the helicopter back to the ship. 

nezai/sVLF, on the other hand, allows more fiexibility of the helicopter 
since longer flights away from the ship can be made and not as many shipboard 
personnel are required. Accuracy of Omega/VLF in this area of the globe 


depends on the number of sending stations being monitored by the on board 


computer but will be generally within £150 meters. 
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Occasionally during a survey the Omega/VLF system on board the helicopter 
lost the necessary number of transmitting stations required for proper 
functioning. In these cases, it was much better to navigate using dead 
ruckuning techniques from the point of last valid position. This took into 
consideration the ground speed and heading of the helicopter (air velocity 
ainus estimated wind velocity) and the time required to get from one point in 
the survey grid to another. Although not as acceptable as Omega/VLF, it was 
by far the best method when all else failed. Error estimates for this type of 
navigation are given to +300 m and reflects the typical errors encountered 
when returning to the ship, which had known position. 


After the desired position was obtained, the closest available floe with 


coef ieployaent ans landing charicteristics was selected. This selection 
typicaliy took place from altitudes of 1,000 - 3,000 feet which were necessary 
for radio communications from the ship. If the desired position was not 


acceptable because of bad ice edge conditions or its location in the middle of 
1 Large cultiyear floe, then the first available site For deployment within 
the immediate vicinity was chosen. The pilot provided a closer survey of the 
tige, and if still acceptable, landed after the most up-to-date positon was 
recorded. 

The 30nde was lowered and raised at two different rates, 20 m/min in the 
upper 290 meters where extreme gradients in temperature and conductivity were 
tound, and 30 m/min from 200 to 500 m where gradients were stauch less severe. 
the slower cate near the surface was used primarily to obtain more acceptable 
results ln the calculated salinity profile wheres capidly changing finestruc- 
ture and extreme gradients can frequently cause spiking due to the variation 
in the response times of the individual sensors. After transferring data to 
rassette and verifying the quality of the data, the Omega/VLF system (if used) 


was reinitialized to the latitude and longitude prior to landing. Because the 
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Omega/VLF could not successfully lock onto stations while on the ice, several 
aunadred feet of altitude had to be obtained. Site position was entered into 
‘he navigation system as the final flyby over the site was made subsequent to 
toe otystem acquicing the minimum number of Omega aad VLF  transinitting 
Stations. 

outse,cent J/sTD stations in the survey were completed depending upon the 
weather, radio communications, and occasionally a refueling of the helicopter 
on board ship. After completion of the survey, temperature and salinity pro- 
tiles were made for each station using an X-Y-Y analog plotter while on board 
tne ship. These profiles were merged with other existing data sets in order 
to provide a better understanding of the oceanographic features present at 
buat tive and to provide a base upon which to set up future surveys. 

when time and operations permitted, the deck unit was used to transfer 
tne cassette data to a Hewlett-Packard 1LO9U series computer for storage on 9- 
track tape. The deck unit software was designed to mimic the output data 
stream of the Neil Brown deck unit. This allowed the use of existing acqui- 
sition software developed by Woods Hole Oceanographic Institution for Neil 
Srown “fbs to be used on the Hewlett-Packard computer. The resulting 9-track 
fe ocan be ceduced on other computers using data reduction programs in common 
182 Dy the oceanographic community. 
This conversion to 9-track tapes at sea not only obviates the need to 
mring ali of the cassettes immediately back to the institution, but also 
preds up the processing time. 


Aonore detailed iccount of the helicuopter-based C/STD systems, both 


sieetro-mechanical and fiuld operations, are given by Manley and Perti (1984). 


Between June 12 and July 17, 222 helicopter-based C/STD stations com- 


veising several major suiveys were completed as far as 100 km away from the 


sother snips (Fig. 1). Twenty of these stations were taken on board ship in 
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conjunction with Neil Brown stations for inter-calibration purposes. On the 
other hand, the USNS Lynch was not ice-strengthened, and as a result was 
restricted entirely to the open water. The ship was equipped with an up-to- 
date Neil Brown data acquisition system consisting of a Mark IIIB Neil Brown 
underwater unit, and a model 1150 Neil Brown deck unit which was integrated 
with a Digi data 9-track recorder. Also associated with the CTD system was a 
reel-to-reel audio recorder and an HP 98 series acqusisition/plotter combina- 
tion. Salinity samples were taken with a General Oceanics 12-bottle rosette 
system which was mounted directly above the Neil Brown CTD. Analysis of the 
salinity bottles was accomlihsed on the shipboard Guildline Autosal within 10 


jays of the sample acquisition. 


C/STD DATA PROCESSING 


Helicopter-based 302s 


Since pre- and post-cruise calibrations of the helicopter units (com- 
pleted at Northwest Regional Calibration center, NWRCC) showed no significant 
deviations in either pressure, temperature or conductivity , no precursory 
calibrations were required before the processing of the data. 

Temperature lag coefficients, ¢t, for each sensor were, however, required 
vtior to decimation. This was accomplished by intercomparing the up and 
downtraces of random stations throughout the entire data set using different 
time constants. Best fit for a given station was determined when the ascend- 
ing ind decending parts of the cast on a T-S diagram were nearly congruent, 


From these comparisons it was determined that the best overall fits occurred 


when ~ was set at 0.31 and 0.27 seconds for the Polarstern and Polarqueen 


helicopter CTDs, res ‘aly. 
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Raw data from each instrument were decimated into a uniform pressure 
series (1.0 db) using a linear interpotation scheme with a window of 7 scans 
centered around the desired level. 

Irregularities or spikes in the decimated data were then subjectively 
removed. In most cases these were single points that were taken out and did 
not interrupt the uniform pressure series. Occasionally, segments of data 
would have to be removed and would either be replaced by interpolated data or 
left alone. These decisions were again subjective and depended largely on the 
local conductivity and temperature structure. 

At the same time, the upper 2-4 meters of data (estimated thickness of 
the ice) were automatically removed from each station. This was done to 
prevent misinterpretations of the results which were attributable to the 
methodology of taking the station (i.e., through seal holes or off the edge of 


a floe). 


USNS Lynch CTD 
—- 


Although there were vacious formats used for recording the Neil Brown CTD 
data, only the digital 9-track output and the reel-to-reel audio tapes were 
used. Unfortunately, 5 of the 26 stations recorded in the digital format 
proved to be useless due to recorder problems. As a result, audio tapes were 
used to reconstruct these stations back into 9-track data. Even though some 
ot the audio tapes produced noisy data, subsequent processing cleared up most 
of these problems. 

Although not typically done in Neil Brown CTD data processing, the 


initial decimation of the data to 1.0 db intervals was made via an eleven 


point average centered around the desired level. This was due to the 
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formatting and processing control between the Neil Brown CTD-produced data 
tapes and that of the specialized processing software requiring CTD78 
formatted tapes. 

As mentioned earlier, the stations reproduced via audio conversion to 9- 
track were somewhat noisy. In order to smooth these data and be consistent 
with the remainder of the stations, a 5 point Gaussian filter was employed on 
ali of the decimated data. Post-processing irregularities or spikes in the 


data were handled in a similar way as that of the helicopter-based C/STD data. 


3 mentioned earlier, preliminary calibration for each of the instruments 
was obtained from pre-cruise and post-cruise calibrations. Helicopter units 
were calibrited at NWRCC (Seattle WA), while the Neil Brown unit on board the 
Lynch was calibrated at the NORDA facility in Bay St. Louis, MS. 

Bottle data provided the tinal calibration for the salinity data. In the 
case of the Lynch data, this was the final step before the production of the 
dita cepoct, however, the helicopter-based C/STDs required one more calibra-~ 


tion process in order to fine-tune all of the data to that of the Neil Brown 


CTD data obtained during the Polarqueen and Polarstern intercalibration 


stations. Since the same salinity samples were used for calibration of the 
“eil Srown and ODEC CTDs, no further calibration was required on this data, 
‘reassure deviations also proved to be within specifications for both instru- 
ments and hence was not readjusted. Temperature deviations, even though very 
slight (less than 9.005°C), were taken into consideration and adjusted 
accordingly in order to produce the final results contained within this 


technic’l report. 
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OUTPUT FORMAT OF FINAL DATA 


Output of the final data is provided in three different formats consist- 
ing of 1) station headers, 2) standard level Listings, and 3) profiles of 


temperature, salinity and sigma-t (T,S,%) versus depth. 


‘A 


Station header Listings provide a quick glance section of all the basic 


ae 
| station information and are found directly in front of each data section for Rei 
the USNS Lynch and helicopter-based C/STDs. The information contained within aoe 
these listings includes the consecutive station number; the ship from which 
| the data was taken, or for helicopter data, the ship from which the helicopter 
wig based; the day, month, year, corresponding julian day of the start of the 
i station; the minimum and maximum depths contained within the profile; and = 
Pie tae 
finally, the station position and associated position errors. Table 2 defines ae 
more explicitly the meanings and abbreviations used in the station header nfs 
ae 
| Listings. at 
In general, two profiles of T,S,% are graphically shown on one page of ae 
i the data report. On the facing page, the corresponding standard level list- ae 
ings vf the station are shown. The standard level data consist of the x 
j parameters relating to the station, and in some cases are abbreviated to save re 
ree 
| space. The meanings of these abbreviated terms are given in Table 2. my 
| se 
| P 
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| woe 
x 
Nahe 


pre + ge ean yd no amabearlabely-eennithe” n> & ieee lepaliten dew tpatahatand aptieved > svelte ten tetaretiiante-llindie ler asada” te telrtutehtece ts adalikiienias aie eee anc te 


2 
: 
; TABLE lL 
: DEFINITIONS AND MEANINGS OF ABBREVIATED TERMS 
: » 
Ps 
FOR STATION HEADER LISTINGS 
CAMP Project Identifier 
SH Ship from which data was taken, 
or if helicopter data, ship on 
* which helicopter was based: 
ie PQ = Polarqueen 
“ PS = Polarsterm 
. LY = Lynch 
- STAT CTD Station Number 
MODE 1 implies downtrace 
2 implies uptrace 
DAY Day of Station 
*, MON Monch of Station tee 
9 wee 
ne . Ne 
ae YR Year of Station oss 
i se te 
“, "4s, \ 
i TIME GMT Time of Station ie 


CODE Processing Code, see Table 2 
JULDAY Julian Day (decimal) of station 
(1.0 = Ll Jan 1984) : 
te 

D.MIN Minimum Depth (meters) of station Eo 
ie ' fan 
D.MAX Maximum Depth (meters) of station as 
. LATITUDE Latitude of station in decimal degrees oe 
7? LONGITUDE Longitude of station in decimal degrees j i 
ey (+ indicates East Longitude) male 
*. (- indicates West Longitude) oe 
¥ ~ 
7” LAT. ERR Error of Latitude Position in meters mat 

LNG. ERR Error of Longitude Position in meters E 
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TABLE 2 
| DEFINITIONS AND MEANINGS OF ABBREVIATED TERMS FOR STANDARD LEVEL LISTINGS 
: { Station xxx (y) Station number (xxx) and mode of trace (y) where: 
4 
CTD Station taken with CTD y = 1 indicates downtrace 
y = 2 indicates uptrace 
_ GMT Times shwon are Greenwich Mean Time 
ne Code = I Processing Code where if I = 
A) 1 -> 5 profile contains both temperature and salinity data. 
2 | 1) data from magnetic tape 
i 2) data from manual digitization of analog charts 
. 3) filtered in salinity only 
: j 4) filtered in temperature only 
5) filtered in both temperature and salinity 
= { B) ll -> 13 profile is in salinity only 
< LL) data from magnetic tape 
12) data from manual digitization of analog charts 
13) filtered 
ee C) 21 -> 23 profile in temperature only 
= 21) data from magnetic tape 
= 22) data from manual digitization of analog charts 
i 23) filtered 
2 LAT Latitude in decimal degrees N (North) 
oo | LONG Longitude in decimal degrees W (West), E (East) 
LIER Estimate of positional error for Latitude in meters 
ie | LGER Estimate of positional error for Longitude in meters 
ay | ALR TEMP Air temperature in deg. C (U0 implies no data) oo 
pea 
, BAROM Barometric pressure in millibars (0 implies no data) 
: i WIND Wind direction in degrees true north (0 implies no data) ot 
< sal 
“. wed 
“ SPEED dind speed in meters/sec (0 implies no data) bone 
i = 
: Aaa] 
. ee 
oe ro. 
Qo = 
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TABLE 2 (continued) | 
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", LISTING PARAMETERS 
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i DEPTH Depth in meters eee: 
F. TEMP Temperature in degrees C . 
2 PTEMP Potential temperature in degrees C = 
c: SALIN Salinity in parts per thousand B: 
5 SIG T Sigma-t density where: Be 
* density (gm/cm-) = 1.0 ((Sig T) * 1000.0) 

a SPVOL Specific volume anomaly (x 107 °cm>/gm) ” if 
. DYNHT Dynamic height (dynamic meters) Bb: 
_ SOUND Sound velocity in meters/sec calculated from Matthews 

equation 
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5 | 
: The main body of the numerical Listings consists of values of temperature, 
j potential temperature, salinity, sigma-t (0,), specific volume anomaly, 
. dynamic height and sound velocity against various interpolated levels of 
sy depth. Since upper surface layer data may be omitted from the data set (ice 
{ thickness removal), surface (0 m) values of temperature and salinity are 
duplicated from the first data seen in the cast. The actual first and last 
a | levels of the data are shown as the first value below the depth of 0.0 meters 


and the Last value of the listing, respectively. 


( 
os } Corresponding profiles of temperature, salinity and sigma-t for each 


standard level listing are shown on the facing page. The label at the end of 


os 


each trace (T,S,9,) indicates the parameter of temperature, salinity and 


ve we 


sigma-t, respectively. Scales at the upper part of the diagram are labeled to 


correspond to the parameters and are also shifted with respect to one another 


soe ee 


to provide the maximum amount of clarity of the traces. Depth is in meters. 


Station identification and data are in the Lower left hand corner in the 


af 


. rolLlowing format: 

; | 

ee ot MIZEX 84 (or LYNCH) STN-MOD 

ES MONTH - DAY ~- YEAR 

a where 

e STN is the station number 

7 MOD is the mode (1 = downtrace) ie 
ot (2 = uptrace) 
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z Those stations having depths greater than 700 m are placed on a single 6 
re he i 
page. The corresponding profiles are broken up into an expanded 0 to 700 m 
5 whe 
* plot on the left side, which is consistent with all other profiles in the wate 
% ate 
af wht 
" report, as well as the 0 to 4000 m plot which shows the remainder of the data ony 
‘- oe 
ay 
fi and can be used to intercompare other deep stations, if desired. ; 
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‘STD_DATA 


This section is broken up into to color-coded parts that will hopefully 
aid che user in Locating the helicopter-based and USNS Lynch-based data. 

The first section (yellow) is the helicopter data obtained from the ships 
'/S Polarstern and M/V Polarqueen. These stations, although numbered differ- 
ently in the field, have since been interwoven into a continuous (time 
sequential) data set. 

The USNS Lynch data (second section, in blue), however, was intentionally 
kept separate from the helicopter data because of data management reasons. 

At the beginning of each of the sections, a complete station header 
listing is given, again to further aid the user in more efficient use of the 


report. The abbreviated headings and their meanings are given in Table l. 
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This section provides all of the helicopter-based STD data 
taken during MIZEX 84. The numerical listing 


and corresponding plots are given. 
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